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Introduction
Very severe anemia (hemoglobin concentration less than 5.0 g/dL) is a major cause of morbidity and mortality among children in Africa. Of hospitalized children, 12 to 29% have very severe anemia, and the in-hospital mortality of these children range between 4 to 17% [1] [2] [3] [4] [5] [6] [7] [8] [9] . Little is known about the long-term outcomes for children with very severe anemia after hospitalization [10] . The few data that have been published have been limited to children under five years of age [9] . Studies are lacking regarding long-term outcomes after hospitalization that include older children with very severe anemia.
Therefore, we conducted a prospective cohort study of Tanzanian children up to 12 years of age hospitalized with very severe anemia and followed until one-year after hospital discharge. Our study objectives were: 1) to determine the prevalence of very severe anemia for hospitalized children, 2) to compare all-cause mortality in children with very severe anemia to children without very severe anemia up to one year post-hospitalization, and 3) to identify predictors of mortality for children with very severe anemia.
Methods

Study site
This study is a secondary analysis of a prospective cohort study where we consecutively screened and enrolled children hospitalized on the pediatric wards of two public hospitals in northwestern Tanzania and followed for one-year post hospitalization [11] . The original cohort study used convenience sampling for a sample size of 500 participants to enroll from the two hospitals. Bugando Medical Center (BMC) and Sekou-Toure Regional Referral Hospital (STH) are in the city of Mwanza, the second largest city in Tanzania and the capital of the Mwanza region. BMC is a public tertiary hospital that serves as the zonal referral hospital for northwestern Tanzania with a catchment area of approximately 16 million people. BMC has 1,000 inpatient beds and approximately 3,500 pediatric hospitalizations per year. STH is a public regional hospital for Mwanza region with a population of approximately 3 million people. STH has 320 inpatient beds and approximately 2,000 pediatric hospitalizations per year.
Inclusion and exclusion criteria
Children 2-12 years of age hospitalized in the medical ward of BMC or STH were eligible for enrollment in the original cohort study. The original cohort study did not include children under 2 years of age, since mortality in this age group was known to be high and largely due to infectious diseases [11] . Children above 12 years were excluded since they are admitted to the adult wards at BMC and STH. The parent or guardian of a potential participant was provided with information regarding the study within 12 hours of admission. Children were enrolled only after obtaining informed consent from a parent or guardian by a study member. Study participants with multiple hospitalizations to BMC or STH during the study period were only enrolled during their first hospitalization. Children who were referral cases from another hospital, like a district hospital or another in-patient health facility, were excluded from the study.
Study procedures
On the day of enrollment, a modified version of the World Health Organization (WHO) STEPS questionnaire was administered in Swahili by a Tanzanian study investigator to the parent or guardian [12] . The WHO STEPS questionnaire includes questions regarding socioeconomic status, medical history, prior testing, diagnosis and treatment for diseases as well as standard protocols for physical examination. After completing the questionnaire, the study investigator conducted a standardized physical examination including the measurement of vital signs, weight and height. An axillary temperature was taken. Weight was measured to the nearest 0.1 kg using a digital scale (DETECTO, USA), which was adjusted to zero before each measurement. If the child was unable to stand, her weight was taken on a hanging scale. Height was measured to the nearest 0.1 cm using a stadiometer. If the child was unable to stand, her height was measured while lying down.
All children underwent measurements of hemoglobin, glucose, creatinine, and urine dipstick testing as standard procedures of hospitalization at BMC and STH. Hemoglobin levels were measured by Hemo Control Hemoglobin Analyzer (EKF Diagnostics, Germany). Glucose levels were measured by Ascensia Glucometer (Bayer Healthcare, Germany). Serum creatinine levels were measured using Cobas Integra 400 Plus Analyzer (Roche Diagnostic Limited, Switzerland). An estimated glomerular filtration rate (eGFR) was calculated using the bedside Schwartz equation as recommended by international guidelines [13] . A urine dipstick was used to test for proteinuria and hematuria (Multistix 10SG, Siemens, USA). At the time of hospitalization, by national policy, all children were offered HIV testing. Permission was obtained for testing of human immunodeficiency virus (HIV) according to the Tanzania national guidelines [14] .
Study definitions
Severity of anemia was defined according to WHO reference standard for anemia [15] . Study participants with a hemoglobin concentration less than 5.0 g/dL were classified as very severe anemia.
Clinical procedures and diagnoses
Disease management was conducted by the hospital clinicians in accordance with hospital and Tanzanian management protocols. Per standard hospital policy, children with very severe anemia received an urgent blood transfusion (whole blood 20 milliliters per kilogram body weight). BMC and STH have used a standard list of recommended pediatric diagnoses adapted from the WHO's International Classification of Disease version 10 (ICD-10) [16] . Each study participant had a diagnosis recorded for this study that was based on the assessment by the clinicians caring for the child. For a child with multiple diagnoses (e.g., severe malnutrition and diarrheal disease), a single diagnosis was recorded for this study that was based on the primary diagnosis recorded by the clinicians caring for the child. Caretakers were given standard discharge instructions and told to follow-up in clinic within 2 weeks of discharge or sooner if necessary.
Follow-up of study participants
A total of three mobile phone numbers were obtained from all participants' caretakers at the time of discharge. This included one number for the study participant's parent or guardian, and two additional numbers for relatives or close friends. Follow-up phone calls were made at 3, 6 and 12 months post-discharge by a Tanzanian study investigator. A child was considered lost to follow-up if the study investigator could not reach a participants' parent or relative/ close friends via the three mobile phone numbers obtained at time of discharge. If a study participant could not be reached at 3 months, attempts were also made at 6 and 12 months. If the child had died, the date of death was also determined.
Study outcome
The primary study outcome was all-cause mortality. Mortality was classified as in-hospital if it occurred during the index hospitalization and post-hospital if it occurred in the year that followed the index hospitalization.
Data analysis
Data were entered into Microsoft Excel (Microsoft, Redmond, Washington, USA) and analyzed using Stata version 14 (College Station, Texas, USA). Categorical variables were described as proportions (percentages), and continuous variables were described as means (standard deviations). For all cross-sectional analyses, a chi-squared test was used for comparing categorical variables and a Wilcoxon rank sum test was used for continuous variables. Cox regression models were used for all survival analyses to compare outcomes between study groups and to determine predictors of mortality. All variables with p < 0.05 in the univariable model along with age and sex were entered into the multivariable model. Kaplan-Meier survival curves were used to display incident mortality. A log-rank test was used to determine if mortality incidence differed by severity of anemia. Study participants lost to follow-up were censored at the last contact date. All available data were included in all calculations. No variable was missing for more than 14 participants. A two-sided p-value of < 0.05 was regarded as statistically significant in all analyses.
Ethical consideration
The study was approved by Catholic University of Health and Allied Sciences/Bugando Medical Center (BREC/001/2008), Weill Cornell Medical College (1504016104) and the National Institute for Medical Research in Tanzania (NIMR/HQ/R.8c/Vol.II/317). Participants were enrolled only after obtaining informed consent from one of their parents or guardian. Assent was obtained for children 7 years and above. Parents also consented to receive phone calls at either their own mobile phone number or the mobile phone numbers they provided for relatives or friends. They agreed that if they were not available to receive the phone call, relatives or friends could provide information about the vital status of the child. All study procedures were in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000. From 1 st August 2014 to 30 th November 2014, five hundred and thirty seven children were hospitalized in the pediatric wards of BMC and STH (Fig 1) . Of the 537 children hospitalized, 
Results
Study enrollment
Baseline characteristics
The baseline characteristics of the two study groups are described in Table 1 . Children with very severe anemia were found to be older (59.1 vs 53.6 months, p = 0.027). Other notable Very severe anemia and one year mortality differences were significantly less reports of fever, more reports of taking herbal medication, lower diastolic blood pressure, lower Glasgow coma scores, more children with pallor, higher eGFR, more children with hematuria, more children with sickle cell disease, and fewer children with diarrheal, respiratory, urinary tract infection or neurologic diseases. The mean hemoglobin level for children with very severe anemia was 3.6 g/dL compared to 8.8 g/dL for children without very severe anemia.
Prevalence of very severe anemia
Among all participants, 90/505 (17.8%) were found to have a hemoglobin level of less than 5.0 g/dL upon admission (Table 2) . A total of 203/505 (40.2%) children had either severe or very severe anemia. The total number of children that had any level of anemia was 442/505 (87.5%).
Mortality
Overall one-year mortality was significantly higher for children with very severe anemia compared to children without very severe anemia, 27 children with very severe anemia compared to those without very severe anemia, 11/90 (12.2%) vs. 28/415 (6.7%) respectively (HR 1.89, 95% Cl 0.94-3.79, p = 0.073). Post-hospital mortality was significantly higher for children with very severe anemia compared to those without very severe anemia, 16/79 (20.2%) vs. 31/387 (8.0%) respectively (HR 2.98, 95% Cl 1.62-5.45, p < 0.001). For post-hospital mortality, the median time-point for death among children with very severe anemia was 57 days after discharge, compared to 190 days after discharge for those without very severe anemia.
Based on hospital sites, the overall one-year mortality rate for children admitted to BMC with very severe anemia was 26/79 (32.9%), compared to children without very severe anemia 57/381 (15.0%). The overall one-year mortality rate for children admitted to STH with very severe anemia was 1/11 (9.1%), compared to children without very severe anemia 2/34 (5.9%).
Children with very severe anemia had a 4.3-fold increase risk of mortality compared to children without any anemia (HR 4.33, 95% Cl 1.66-11.26, p = 0.003) ( Table 2 ). As the severity of anemia increased, the hazards of mortality increased (Fig 2) . For every 1 g/dL decrease in hemoglobin level, the risk of death increased by 18% for all study participants (HR 0.82, 95% Cl 0.75-0.88, p < 0.001) ( Table 2 ).
Factors associated with mortality
All variables listed in Table 1 were analyzed as possible predictors of mortality for children with very severe anemia (Tables 3 and 4) . The significant independent predictors of mortality by multivariate Cox regression analysis were older age (HR 1.01, 95% Cl 1.00-1.03, p = 0.006), and reports of decreased urine output (HR 4.30, 95% Cl 1.04-17.7, p = 0.044). In regard to older age, overall mortality was significantly higher for children 5 years and older with very severe anemia compared to children under 5 years of age with very severe anemia, 17/37 (45.9%) vs. 10/53 (18.9%) respectively (HR 2.79, 95% Cl 1.27-6.10, p < 0.010).
Comparison of predictors for in-hospital and post-hospital mortality for children with very severe anemia are in S1 Table.
Discussion
Children admitted to hospitals in Tanzania with very severe anemia suffer from strikingly high rates of mortality in the year after an index hospitalization. In our study, 30% of children with very severe anemia died within one year of hospitalization. Fifty-nine percent of those deaths occurred during the post-hospital period. This confirms and extends findings from a prior study of hospitalized Malawian children under the age of 5 years with hemoglobin less than 5.0 g/dL [9] . In this study, 17% of these children with hemoglobin less than 5.0 g/dL died in the 18 months after hospital admission. The majority these deaths (63%) occurred after hospital discharge. We demonstrate that even older children with very severe anemia suffer from alarmingly high rates of mortality in the post-hospital period. In fact, children 5 years of age and older with very severe anemia had even higher mortality than children under 5 years of age with very severe anemia. In regards to reducing child mortality, children under the age of 5 have received the vast majority of the attention. Efforts should be made to ensure older children also benefit from health policies and interventions [17] [18] .
For the deaths that occurred post-hospital for children with very severe anemia, more than half the deaths occurred within 2 months of discharge. This finding supports the idea of a period of vulnerability following discharge. A high post-hospital mortality rate in the early Very severe anemia and one year mortality discharge period has also been shown for children with malaria, diarrhea and for general admissions [19] [20] [21] [22] . This may be partly explained by the "post-hospital syndrome", which has been described as an acquired transient period of vulnerability following discharge [23] . However, post-hospital mortality is not merely an issue of disease pathology, but also has a complex socioeconomic overlay in our setting. For example, problems related to poverty where finding funds for transportation to health facilities or paying for medical care is challenging, low parental education, gender inequities like husbands making decisions while mothers having better understanding of the needs of their children, parental employment where work affects the ability of parents to seek medical attention for their children, and seeking traditional medicine healers can all reduce adherence to medications and clinic follow-up, and thereby lead to higher mortality [24] [25] [26] . Low hemoglobin level is a strong predictor of mortality. In our study, children with very severe anemia were 4.3 times more likely to die, compared to children without any anemia. Our study also found for each 1 g/dL decrease in hemoglobin, the risk of death increased by 18%. This appears to be consistent with other published data. A meta-analysis of nearly 12,000 children from six African countries looking at the association between anemia and mortality reported an odds ratio of 0.76 (95% Cl 0.62-0.93), indicating that for each 1 g/dL decrease in hemoglobin, the risk of death increased by 24% [27] . For children with very severe anemia, attention to older aged children is critical, as increasing age appears to be a predictor of mortality. One speculation is older children are more likely to have chronic diseases associated with anemia, like sickle cell disease or cancer, compared to younger children who have not acquired chronic diseases yet. The ability for health facilities in low resource settings to diagnose children of all ages with anemia and treat with adequate blood supply if needed will be key to reducing child mortality. There is currently an ongoing multi-center trial in Uganda and Malawi that we hope will shed light into establishing best transfusion and treatment strategies in preventing mortality for children with anemia [28] .
The prevalence of very severe anemia was found to be high among Tanzanian children who were hospitalized. In our study, nearly 20% of the children were found to have very severe anemia, and 40% of children had severe anemia or very severe anemia. The high prevalence of anemia appears to be consistent with a prior study done at our institution [29] . A possible explanation may be due to the high prevalence of malaria, sickle cell disease, soil transmitted helminths and nutritional deficiencies in our region [30] [31] [32] . By comparison to the general community or household level, the prevalence of severe anemia has been reported to be as high as 2.5% in East Africa and 3.4% in sub-Saharan Africa [33] [34] . The high prevalence of anemia, whether for children hospitalized or in the community, highlights the continual need to make identification and treatment of anemia a public health priority.
Our study has limitations. We did not acquire a hemoglobin level at time of discharge. Also, due to lack of resources at both hospitals' diagnostic facilities, we were unable to consistently obtain tests like a full blood count with red blood cell indices, blood smears, or iron studies that could give us insight to determine causes of anemia at the time of our study. Another limitation was the inability to perform autopsies for in-hospital deaths, and verbal autopsies for post-hospital deaths to determine cause of death. We also had a higher lost to follow-up rate for children with very severe anemia. Children lost to follow-up may have been more likely to have died. This would make our findings underestimate the true risk that very severe anemia has on mortality.
In conclusion, we conducted a prospective cohort study of 505 children up to 12 years of age hospitalized with very severe anemia and followed for one year post-hospitalization in Tanzania. Nearly 30% of children hospitalized with very severe anemia died within one year. More than half of those deaths occurring after hospital discharge. Since anemia is extremely prevalent among both young and older African children, and the consequences of very severe anemia so deadly, prevention and treatment of anemia must be a high public health priority to reduce child mortality in Africa. 
Supporting information
S1
